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(54) ORGANIC ELECTROLUMINESCENT ELEMENT 

(57) An organic ^ectrduminescent element pro- 
vkled with a Hall transport layer of a structure in which a 
hole tansport material is dispersed in a binder resin of 
a glass transition tenperature Tg of not lower than 170 
*Q Since the hole tran^sort layer of the organic electro- 
luminescent element has bolii a high durability and a 
high hde transport capacity, this element has excellent 
ti«ninous efficiency, luminous brightness and staNiity 
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Description 
TECHNICAL FIELD 

5 The present invention relates to organic electroluminescent device. 

BACKGFK)UNDART 

tt has been considered that light emission of an organic eJecfrofuminescent device is caused by the phenomenon 

10 where holes and elec^ons injected from elecfrodes are recombined within a luminescent layer to generate excitons, ^d 
the exdtons excite molecules of luminescent materials constituting the luminescertt layer. By emfioying f luor^cent dye 
as a lurr«nescerrt material, there can be obtained an errw^ion spectrum as an electroiuminescence, being equivalent 
to photolumlnescence of the dye nK^ecules. 

T^g arxi Vanslyke recently proposed a device comprising two lays-s of a hole-transport layer and an electron- 

15 transport luminescent layer which efficiency emife green light at a lower voltage (about 10V) corrpared wrth the conven- 
tional orgarac electroiuminescent devices having single-layer sfructure [C,W. Tang and S. A, Vandyke; AppL Phys. - Lett. . 
51 (1987) 913]- Tilts device's strucfejre is osmpc^ed of an anode, a hole-transport layer, an electron-transport lumines- 
cent layer and a cattode, ail of which are formed in this oniler on a gfass subsfe-ate. 

In this device, the hole-transport layer not only allows holes to be injected from the anode into the ^ectron-^n^^ort 

50 lumin^cent layer, ixit prevents electrons injected from tiie cattKxIe from escaping Into the anode wiSiout recombining 
with the holes, so that tie e!ecfr<Kis are enclosed in the electron-transport lumin^cent {aye^. Thus, the elecfron con- 
finement effect due to the hole-tran^rt layer facilitates the reconrisination of the holes and the elecfrons conpared with 
the coTventimal singJe-Iayer sfructure devices, r^ulting in substantial decrease in drive voltage. 

S^o et showed that not only an el^;tron-frartsport laya^ but a hde'trans|X)rt layer can be tie luminescent layer 

2s in tie ^o-layer structure device [C, Machi, T Tsuteui and S. Saito; AppL Rhys, Lett,, 55 (1^9) 1489], 

Sato et ai. also proposed an orgar^c electrc^umin^cent device hawng tie three-layer structure wherein an organic 
luminescent layer is interposed between a hole-fransport layer and an electron-transport layer [C. Adachi, S. Tokito, T 
Tsutsui and S. Saito; Jpn. J. Appl. Phys., 27 (1988) L269]. 

Tlie tvws-layer structure device of Saito et al. is composed of an anode, a hde-transport luminescertt layer, an elec- 

30 tron-tr^Tsport layer and a cathode, all of which are formed in tiis order on a glass si^^ate. In ccmtrast to the previcxis 
device, tl^ elecfron-transport layer not only ^lows electrons to be injected from the cathode into tie hole-transport 
li^inescent layer, tnit prevents tie hoJ^ injected from the anode from escaping into the cathode v\^jle avoiding tie 
recx>nnbination witi the eleofrons, so that tie holes are enclosed in the hole-tran^rt luminescent layer. TOs hole con- 
finement effect due to the elecfron-transpcwl layer realizes substantial decrease in drive voltage, as in the previots de^ce, 

35 The tiree-layer sfructure device of Saito et aL v^s attained by a furth^ inprovement in the device of Tang et aL 
"me three-layer strucfeire d^ice is conposed of an anode, a hole-tran^rt layer, a luminescent layer, an elecfron- 
trar^port layer ard a cathode, all of which are formed in this order on a glass substrate. The hole-transport l^er encloses 
^ecfrons in tie luminescent layer, and the elecfron-trar^port layer encloses holes in tie lun^nescent !ay^, so that the 
reoxnbination of the electrons arKi tie holes vwthin the luminescertt layer is mcxe efficient Vn&n the two-layer staicture 

40 device. Further, the electron-transport layer arKt the hole-tran^rt layer prevent exdtcais generated by the above recwn- 
bination from escaping into either the anode or the cathode. Therefore, the three-layer sfructure d^'ce of Saito et al, 
may further increase the luminous efficiency. 

Exanpl^ of hole-fran^XHl materials which ccMistiferte these organic etecfrduminescent devices indude aromatic 
tertiary arranes such as friphenyiamines. phtfialocyanines, poiysilane and the like. Among those, the aroma^c tertiary 

46 amines r^resented by N.N''diphen^-N.N^-bis{3-methylphenyl)"1,r'blph©i^-4,4*<IIamine (ha-einafter referred to as 
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(2) 



is suitalDly used because they have higher hole-tran^rt properties. For exanpie. the hole rnofcNiity of the TPD is 
10"3Ecrr^A/^ecI at an electric field strer^h of 5x1 0» [V/cmj, 

The hde-transport lay^ can be prepared by forming a layer conteining the ^bove hole-transport material alone, 
or by disperaing the above hole-transport matenal ir^ a binder resin made of a suitatrfe thermopiastic resin such as 
polycarbonate. 

The organic el^olumlnescent devices as d^cr^ed have the advantage that they cm emit, light of high luminance 
at a lower ventage tfian the COTventlonal inorganic eiectroluminesc^ devices, tiat the respective layers can be formed 
not only by deposition txjt also solution afi^lication, facilitating the large-ar^ formation of the devices, and that it is 
possible to mate the devices have muiti-coior d^ending upon the molecular design ftx organic molecules. 

Particularly, the organic electroluminescent device having the hole-transport layer composed of the hole-tran^rt 
material having higher hole-transport prcperty, is excellent both in tiie Initial luminescence and the frritial luminous eWi- 
ciency In this device, however, tie lumincHiS efficiency and ihe luminescence decrease in significantly ^ort-term from 
the start of tie use. This involves the disadvantages in light titling lime and st^ility. As a reasc»i for Ws, it is estiimted 
that all the conventional hole-tansport materials descried above have a lower nnolecular w^ght, a lower glass transition 
taiperature {e,g, Tg^63*C for TPD), a lower crystallization tenperature, and insufficient thermal iis-opertles. 

^ectfically, tie hole-tran^XH-t materi^s that have a lower mol^xitar weight and poor thernrial proper^es may facil- 
itate tie deterioration of the material itself and the formatlCHi exdplex along witi a luminescent material, both of which 
are caused by Joule's heat generated yvh^ a cunrent flows to the device. This Iowa's the luminous efficiency of tie 
device, thus decreasing its luminance. 

In the organic electcriuminesc^ devices, tie interfece between two organic layers and that tjetween an organic 
layer and an electrode layer are required to be finished as srrooti as possit>le in order to increase the carri^ Inj^on 
eff icrency. For this reason, each (xganlc layer is in anrK>rphois state, though, a hole-trans|K»i material having a lower 
molecular weight has a lower cr)^llization lenperature. This wouW faciNtete the d welopment dt tie moleciriar coh^ion 
due to tie Joule's heat <x a prdwiged standing in the atnosphere. As a result, the snnoothn^s of the intalaces between 
the hole-transport layer and aiother layer would be iir^ired by tie cr^aJlization of tie hole-tran^x>rt material contained 
in the hole-transport layer, lowering tie carrier-injection efficiency. This wouki lead to the decrease in lumin<xis eticlency 
of the device, tius decreasing its luminance. 

"Rie above phenonenon notably occurs in the hole-transport layers which employs the hole-transport matenal alone. 
The same is true lor the hde-tansport layers in which the hole-^an^x)rt material is dl^ersed in a resin tender composed 
of a thermoplastic resin. As a reason for this, it is estimated that the thermal properties of the tiermc^lastic r^in itself, 
partioilarly its glass transition tenperature. is significantly {not as low as tie hole-transport material), and th©*efore, 
the tole-transport material can move relatively freely in the hole-tansport layer owing to heat generated in light emitting. 

Although pdy-N-^nnyl carbazde {Tg« 224*C) (hereinafter referred to as ^PVKO is known to have a higher molecular 
weight and hole-transport property, its hoie-tmnsport property is still lower than tiat of tie hole-transport materials having 
a lower nnolecular weight, ^ch as TPD, For the organic ^ectroluminescent devices, it is preferable tiat the Mie nxjbility 
is not less than 10^5[cnrt2A/'sec] at a field strength of Sx10S[V/cm], That of the PVK is, however. 10~6|cm2yV^ec] at a 
field strength of 5x10^|y/cm]. 

Extensive investigaficm have been undertaken in recent years to find materials, particularly hole-transport materials, 
in order to provide organic electroluminescent devices excellent in luminous efficiency, luminance and stability As a 
result, there have been proposed the organic electroluminescent devices enploying several hole-transport materials 
having specific stuctjres. 
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Japanese Unexamined Publication No. 5-25473 (1 993) describes that organic electroluminescent devices, which 
can be drive at low vot^ge and have high luminous int^Sfty arxJ are superior in duratNlity, can be obtained by emplcying 
the specif icftuorenyldiphen^ amine derivative expressed by the formula (1) in this Publication, as a hole-transport mate- 
rial (see page 4, column 6, lines 44-49). 

5 Japanese Unexamined Publication No, 5-152072 (1993) describes that the specific ox^iazole conpounds having 

plura! oxadiazole rings (e.g. Corrpounds expressed in Chemical formulas 1-14 on pages 2-5 in this Publication) are 
excellent in layer forming properties and resist the cryst^tiza^on, and therefore, by enjoying these oxadlazoie com- 
pounds as a hole-transport material, the organic electroluminescent devices excetfent in durability can be obtained (see 
page 6, column 10, tines 20-35). 

10 Japanese Unexamined Publication No. 5-194943 (1993) describes that the ^^ecific distyryl benzene derivatives 
expressed by the formula (I) or (U) in this Publicaticwi, whose glass transferming terrperature and melting point are high, 
and therefore, by employing these distyryl benzenes as a ho!e-fransport material, the organic ^ectrolumtnescent deuces 
having long lifetime can be obtained (see page 3, column 4, lines 2-6). 

All ^e hole-transport material disclosed in these Publications have heat durability sup^iorto that of the conventional 

15 hoie-fe'an^XMt materials, such as the TPD, Therefore, the organic electrofuminesc^il devices enploying the indh^uaf 
hde-tran^rt materials have stability siperior to that of the cmvaitionaf ones. These trole-fransport materials, however, 
belong to the c»rrpound whose mdecufar weight is smaller than that of the PVK, Thus in the organic electrc^uminescent 
devices enploying th^e hole-tran^rt material, the stability for practical use could not yet be atfeined. Some of these 
hole-transport materials have the problem that ^e hole-^ansport property Is lower than that of the conventional on^, 

^ such as the TPD. 

The <^ject of the preserrt inv®Ttion is to provide the organic elecfroluminescent device having the hole-transport 
layer which has suff ident durability, high hole-transport property and is excellent in luminous efficiency, luminance and 
stability. 

^5 DISCLOSURE OF THE INVENTION 

The organic electrolumin^COTt device of this inverrtion has the hole-t-ansport layer in which a hole-transport material 
is dispersed into a resin binder having a c^ass transition tenperature (Tg) of not less than 1 70*C- 

In ^e above device, since the hole-^ansport layer is formed by dispersing the hole-&ar^port material into the resin 
30 binder which is excellent in thermal ii^operty because of its high Tg, the hole-transport material is not crystallized due 
to nxDlecuiar coagulation, thus remaning tie smoothness of ^e interface betw^n the hole-transport layer arnj another 
l^er Also, tie above hc^e-transport material do^ not form exdplex together wi^ a light emitting materiaL 

Furthermo'e, the above hde-transport material is not required its thermal properties, as seen from the structure of 
the hole-transport layer, Tha^efore, a surtable one particularly excetl^t in hole-transport property can be sheeted from 
35 the ^30ve hole-tiBn^x)rt n^terials such as tiie TPD. 

Accordingly, in the present invention it Is pc^lble to form the org^jc hole-tran^aort layer having superto- dur^ility 
and high hole-transportf^c^^y, and to provide the organic electroluminescent d^ices excellent in luminous efficiency, 
luminar^e and stability. 

40 SmEF DESCRIPTION OF THE DRAWINGS 

F^s. 1{a) and 1(1)) are sectional views illustrating one errtKXiiment of tfie layer structure of the organic electrolumi- 
nescent d^ce of this invention. 

Figs. 2(3) arKj 2(Jb) are graphs illustrating tiie alternation with the elapse of time in the luminance when the organic 
46 electrolurTHnescent device of Exarrple 1 or 2 is allowed to contlnucxjsly emit light in air. 

Pig. 3 is a grai:^ illustrating the alternation wrtii the ^apse of time in tiie luminance when tiie organic electrolumi- 
nescent device of Conf^rative Example 1 is allowed to continuously emit light in air 

Fig. 4 is a grsph illustrating the correlation between the glass ^^ansition terrperature (Tg) of the resin binder and the 
half decay time of ^e device (device's lifetime), w^ich was obtained from the measurement results for the devices of 
50 Ex^inp^es 1*2 and Comp^ative E^^npl^ 1-2. 

Fig. 5 is a gr^ illustrating the correlation between the voltege arKJ the lumirmnce in the device of Exanple 3. 

Fig. 6 Is a grajph illustrating the correlation between the vdtage aixl the luminance in the device of Exarrple 4. 

Fig, 7 is a grafi^ inustiating the cofrelation between the voltage and the luminance In tiie device of Exanple 5. 

Fig. 8 is a gr^Dh illustratir^ the corrdation between the drive current density ar^i the half decay time (lifetime) in tiie 
55 d^ices of Examples 3, 6 and Ck>mparative Exam|:He 3. 

Fig. 9 is a gr^ illustrating the correlation between the voltage and the luminance in tiie device of Example 7. 
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PREFERRED EMBODiMEN"re OF TOE INVENTION 

In the organic electroluminescent dev^ice of fhls invention, the r^in binder that constitutes the hole-fr^sport layer 
and have a glass transition temperatire (Tg) of not less tten 1 70*C, can be selected from a variety of resin biixlers, 
5 Such resin binders, however, should be soluble in a solvent because in view of the layer forming costs, tfie hole-b-ansport 
layer is preferably formed by solution application . Therefore, the hole-fransport materiaf and the resin binder are dissolved 
in a suiteble solvent to prepare a coating solution, which is then applied to a substrate by spin abating or dip coating, 
fd lowed by drying. 

Exanples of tie resin birrfers being soluble in the solvents irK:iude potysulfone resins such as i;K)lyethelsulfone 
10 (Tg=22$*C), having the Wlowlng rqDeating unit: 



15 




20 and potysulfone {Tg=1 ^^'C) (tiie so-calfed "Udel polysuffbne" (fe-ademark), available from Amoco Performance Products. 
Tg=190**C), having the following repeating unit: 




(3) 



35 Most preferred is the above pdyeth^sutfone. Because it has utmost Tg among Ihe resins being solii^e in a 

solvent (dichloromelhane) and also exhibits superior layer forming property when it is used in scdution afi^lication. 

Besides the atxsve pdysulfone re^ns. there are. for ex^ple, pdytfTsde resins such as v^ofly aromatic polyinr»de 
and potyetherlrrade. TTie Tg of the polyimide resins differs with each other d^s^iding upon ^e structures of the diamine 
component and the acid component which are the main ingredients of tiie polyimide resins, but normally it is about not 
40 less than 280*C for the wholly arcKmtic polyimide and ^bout 21 7**C ioc the polyetherimida 

In many cases, the polyimide resins Giemsetv^ are insoluble in solvents. Therefore, friey are dissolved In the form 
of pdyamide acid into a solvent te»g€lher with a hole-transport material, ^e resulting solution is applied to a substrate 
and dried, arKi is subjected to ring dosure reacticxi by heating or chen^l metiiod, resulting in pot^mida 
Ttie atHDve resin hinders can be i^ed singly or by the cont>ination of tv^ or mo'e IdrKls. 
45 As exerrplified corrpounds of the hole-transport materials di^ersed into the ^x)ve resin hinders, there are, for 
example, without being limited thereto, aromatic tertiary ^ines. phthalocyanines and polysilanes. Out of these known 
hole-transpcs't materi^s, me excellent in tole-transport property can be selectively used as previously mentioned. Most 
preferred Is the aromatic tertiary amines represented by the TPD of the formula (2). 

In the hole-transport layers as described, it is known tiiat the ho(e-tran^x>rt property for tine entire hole-tran^rt 
50 layer is greatiy influenced by the cfistance between the nKslecules of the hde-transport material dispersed irtto the hc^e- 
transport layer, as well as the hole-feransport property of the hole-transport mat^ial itself. Specifically, as the distance 
between tiie molecules d^eases* the hole-fe-ansport property for the mtire hole-transport increases. 

In this ^n^^ntion, the hoJe-tran^x»1 jxoperty f<x the entire hole-transport layer can be made any value by altering 
the distance between tiie rrK)l^ules of tiie hole-transport material This dist^ce can be controlled by tfie amount of the 
55 hole-tran^Dort material. 

The amount of the hde-transport materia! is not particularly limited in this invention, but prefer^y in an amount of 
10-70 % by weight (e)q3ressed by weight percentage to the entire hole-transport layer). 

If It is less than 10 % by weight, even tiiough the hole-transport nr>aterial itself is excellent in the hde-tran^x)rt 
property, the hole-transport property for the errtire hole-transport layer terxis to be insu^icient. If it exceeds 70 % by 
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weight the reiatrve pr<p(xtion of the r^n binder decreases, thus Icwering the therm^ property for the entire hole- 
transport layer This might facilitate the aggregation and the crystallization of the hole-transport material, decreasing the 
film forming property. 

In order to form the iiole-transport t^er that can stand Joule's heat generated when the device emits light, and have 
5 the hole mobility of not less than 10~5[cnl2A^ec] at a field strength of Sxl05[V/cm], the amount of the hole-transport 
materia! is preferably in a range of ^-60 % by weight where around 50 % by weight is pref^'red. 

The thic^ess of the hoie-tran^^ort layer is not particularly limited, but to seoire the practical strength arid hde- 
transport property, it is preferably in a range of about 100- 100000 A, particularly a range of 100-2000A where about 400- 
500 A is preferred. The tiictaiess can be controlled by altering the concentration of the coating solution and the ap3ltcation 
10 conditions or ttie like. 

The ^50ve hole-transport layer is produced by the process comprising: 

di^oMng each given amount of the resin binder and the hole-transport material in a common solvent to prepare 
a coating sdution; and 

applying the coating solution on a ^bs^ate by any Known means, for example, spin coating and dip coating, 
15 foWowed by drying to remove tfie solvent. 

TTie solvents used in the coating solution can be selected from ones in which botti of resin binder and the hole- 
trar^port material are soluble. But in view of tieir remcft^l from the resulting layer, organic solvents having a r^atively 
tow^ boiling point are suitably used. 

Exarrples of the above solvent, without lirrwted hereto, include dichlorcmethane. dichloroetiiane, tetrahydrokiran, 
20 acetonitrile, acetone, methanol, etharK)!, cart>on tetrach!ork:fe. carton disulfide, b^izene, toluene, hexane arKl octane 
Each of these solvents may be used as it is, however, it Is preferred to remove disscrfved gas in each soiv^ by 
freeze-degassing or bubbling of an Inert gas through the solvent, in order to exterxJ frie lifetime of ^e device. The 
reason for ^is appears that tiie solvent from whidi tiie dl^olved gas has been removed prevent the individual maleriafs 
used In the d^ce from the deterioration (e.g. o)ddatiCNn) due to tie dissolved gas, particularly oxygen and moisture. 
25 Rom the same reason, ^e ^i^ltcation of the coating solution and the crying are preferably carried out in an atmo^here 
in which oxygen and moisture are practical ^:?sent« (e.g,. an inert gas atmo^^here such as nitrogen gas). 

In drying the coating solution applied to a sti>strate, when the sc^v^t has a low^r bdling point and tie thictaiess 
of the layer is snialler. to dry at room temperature is suitable, in contrast, wh^ the solvent has a higher boiling point 
arKi the thickn^s of tie layer is larger, such a coating solution may be dried by heating. 
30 The organic electroluminescent dewce of this Invention does not have any structural restricUons on the respective 
layers biA the hole-transp<Ht layer The organic layer in the device may have the hole-transport layer alone, or may have 
any structures such as tie conventional two-layer, sad multi-layers conprising three or rrwre layers. 

In the twO'layer or the nmjlti-layer stucture. the hole-trarr^xjrt layer may be comt^ned with, for exanple. either or 
both of an el^^ton-transpol layer and a light emitting l^er Materials for both layers are not particularly limited. There 
35 can be selected from a variety of the conventior^l materials Ibr the respective layers. The Individual layers can be formed 
by v^x»r depo^on such as vacuum deposition, or the aforesaid solution application. The thideiess of the r^^ective 
layers fe not specifically limited. 

Every layer including the tiole-transport lay^ may ccKitaIn other n^terials such as resin hinders, curing agents, 
curing catalysts, antioxidarrts, ultavidet ray ^Dsorbents and various additives, all of which do not directly relate to each 
40 lay^'s functic^. 

No roncrete restrlctior^ on the layer stucture are Inposed in the organic elecfroluminescent device. But, if consid- 
ered the fects that birKler resir^ in tie hole-transport layer is excellent in adhesion to tie substrate such as ITO glass 
and ITO film, arxi that tiie hole-transport layer is exclusively formed by solution application, it is preferable tiat the device 
having the two-layer sfructure conprising tie hde-transport layer and the electron-transport layer have the structure 
45 that the hole-transport layer 2 and the electron-tran^rt layer 3 are laminated in this order on an anode 1 0 of a trans- 
parent coiductive material such as ITO (irKjium-tin-codde) being formed on a glass substrate 1, as slK>wn in Fig. 1(a}, 
In Fig. 1 (a), the reference numerals 4 denotes a cathode made of metal deposited f Bm such as Mg/Ag, and B denotes 
a power scHjrce for applying a drive voltage to tiie de\^ce. 

In this structure, which emits light, the hoie-tran^rt layer or the electron-tansport layer, depends upon tiie thick- 
50 ness, tieir mat^ials, particulariy haw botii lay^ are combined. In accordance with a desired luminesce wavelength, 
the tiickn^s and tie cont)ination of tieir materials may be adjusted so that either a* both layers emit light 

in the case where tiie hole-transport layer is allowed to emit li^t. by dispersing one or more kincfe of the known 
fluorescence dyes into the re^n binder, it is possible to irrprove the luminance of the luminots colors such as Nue and 
white (if has been inpossit>le to emit these colors at high luminance for long-term) up to the practical use and also to 
55 prdor^ their light emitting time. 

TTie de/ice hawng the hole-tran^Dcrt layer in which a fluorescence dye is b^ng dispersed nr?ay have the same layer 
structure as described atxjve. However, in order to allow the fluorescent dye to emit li^ at still higher luminance, it is 
desir^e to have the struc^re as shown in Fig. 1^) in which the hole-transport layer 5 is combined witii the electron- 
transport layer 31 composed of a first electron-transport material excellent in hole blocking property, and tie electron- 
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transport layer 32 conposed of a second eieGtron-transfX>rt material. In Fig. 1(b), the numeral references 1, 4 and 10 
have the same meanings as in Fig. 1(a)- 

FIELD OF INDUSTRIAL APPUCABiUlT 

As described in the foregoing, the device of this invention has the hole-transport layer in which the hole-tr^sport 
material is dispersed into tie resin birKler having a higher glass transt^on temperatJre, and rt also has sufficient durability 
and high hole-transport property. Therefore, the above dewce is excellent in luminous eWiciency, luminance arKi stability. 

Thus in accordance with this invention, it is po^ibte to inprove the durability of the device and to prolong its lifetime, 
10 thus having a bright prospect of tiie applications in the fields of ir>dicattons> tlluminations. displays arnj the like. 

EXAMPLES 

The Invention will be better understood by the following Examples and Comparative Example which ^ow by way 
IS of example- 
Example 1 

Twra-hundred mg of the TPD of the formula (2) as a hole-transport materia! amJ 200 mg of pdyethersulfone 
20 (Tg=225*C) having the repeating unit of tie formula (1) are di^olved In 40 ml of dichlorcxnethane, to <^tain a coating 
solution for hole-transport layer 

Into the coating sdtrtlon, an ITO (indium-tin-oxide) coated glass substrate having a sheet resistance of 15 £i/a (ITD 
thidoiess : 1 500 to 1 600A, avaiiaWe from Asahl Glass Ck). , Ud.) was dqDped and then si^j^ed to dip-coatng at a lifting- 
up speed of 10 cnVmin,, followed by drying, to k>rm a hole-fe'ansport layer having a tiickn^s of 40oA on the ITO film in 
26 tiie substrate. 

Then, onto this hole-transport layer, a tris(8-quinonnolato)aluminum (HI) complex (hereirmfter referred to as **Akf) 
of the fcwmula: 



30 



36 



40 




45 was d^X)sited, as an electron-^ansport material, by vacuum dq^osition to laminate an electron-transport layer having 
a tiid^ess of 500A. The deposition awxlitions were: 
Vacuum pressure: 10"^ Torr; 

Temperature of the substrate: Room tenrperature; and 
D^DOSition rate: 2 to 4A/sec, 

50 Then, on this electron-tran^rt layer, magnesium and silver were cod^xi^ited at a depoation ^eed ratio of 1 0:1 
to form an Mg/Ag electrode layer ha^^ng a thickness of SOOOA |Mg/Ag = 10/1 {molar ratio)], to obtain an organic elec- 
^oluminescent device in vMch the hc^e-transport layer 2, the electron-transport layer 3 and the Mg/Ag electrode layer 
(cathode) 4 were laminated In this order on the ITO film (anode) 10, as shown in Rg. 1(a}. The luminescent region w^ 
esq^ressed by a square being 0.5 cm in side. 

55 In tills device, tie ITO film 1 0 and the Mg/Ag electrode layer 4 were used as an anode ar>d a catiode, respectively, 
and a tslas voltage B was applied betwe^ boti elecfrodes at room temperature in air to allow tie device to emit light. 
Its luminance was measured by a luminance meter (Model No. LS-IOO. a\^ilable from Mindta Co., Ltd.). At a drive 
voltage of 12 V (current density: 15(X) m/Vcm^), tiere was ofc^erved a green li^ emission having a luminance of 9(K)0 
ccl/m2, originated from the electron-transport layer 3. 
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Alsc» this device was allowed to continuotJEly emit light in air at an fnitia! lunrHnance of 1 00 csd/m^, its half decay tme 
of ti^e luminance (i,e„ the period of time required to be SOcxl/nn^) was seven hours (=420 min.) as shown in Fig. 2(a), 



An organic electroiurrwnescent device having the layer structure as shown in Fig. 1(a) was obtained in tie same 
manner as in Example 1 except that 2(K) mg of polysulfone (Tg=1 90*C) having the treating unit of tie fomiula (3) were 
used as a resin binder. 

The luminance of this device was measured in the same manner as in Example 1 . At a drive vdtage of 12 V (currerrt 
density: 1500 mA/crrt^), ^ere was «±*sQ'ved a green light emisson having a luminance of 9000 cdMi^, originated from 
the electron-tensport layer 3. 

/Mso, this device was allowed to contlmjousiy emit light in air at an initial luminance of 100 cd/rri^. Its half decay time 
of tiie luminance {i.e., tie period of time required to be 50cd/m2)was 1.5 hours min.) as shown in Fig, 2(b). 

Comparative Example 1 

An organic ^ectrduminescent de^ce having the layer structure as ^own in Fig. 1(a} was obtained in tte same 
manner as in Exanple 1 except that 200 mg of bisphenol A-t^e polycartxsnate {Tg=:150*C) having the repeating unit 
of the formula: 



was used as a resin birxler 

The lurranarxie of ^is d&^ce was measured in the same manner as in Example 1 . At a drive vdtage of 12 V (current 
density: 1500 mA/cm^), there was observed a green light anission having a luminance of 14000 cd/rh^, originated from 
the electron-transport layer 3. 

Also, this device was allowed to continuously emit light In air at an initial luminance of 1 00 cd/rrV^. Its half decay time 
of tie luminance was 30 min. as shown in Fig, 3, 

Comparative Example 2 

An organic electrolunr^nescent device having the layer structure as ^own in Fig. 1(a) was obtained in the same 
n^nner as in Example 1 except that 2(X) mg of ph^oxy resin (Tg= 100*0) having the repeating unit of the formula: 



was used as a resin binder. 

This device was allowed to continuously enrat light in air at roOTi tenperature at an initaal luminance of 100 cd/nn^, 
as in Exafr^>le 1 . Its haH decay time of the luminance was two rrun. 

Study of the glass transition temperature in ttto resin binders 

The correlation between the results of tie half decay time (min) of iuminarx^e and the glass ^ansition temp^ahjre 
(Tg) i n Exanples 1 -2 and Comparative Exanptes 1 -2 was studied, and it was found that the case where tie resin binder 
having a Tg of not less than 1 70*C was used, tie hail decay t'me was extremely foiger tian tiat in the case where the 
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(6) 
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resin binder having a Tg of not more than 1 70*C was used. This shows that the use of the restn biixler having a Tg of 
not less than 170*C enables to prolong the Iffetime of the device. 

Example 3 

5 

One-hurHzlred frfty mg of the TPD of itie formula (2) as a hole-lransport material and 150 mg of polyethersulfone 
(Tg=225*'C) having the treating unit of the fornry ia (1 ) were dissolved In 30 mi of dichioromethane frcwn which dissolved 
gas had been removed by three-time f reeze-degassing. to obtain a coating solution for hde-transpcwi layer. 

Into this coating ^lution, an JTO (indium-tin*o5dde) coated glass substrate having a sheet resistance of 15 Q/n (ITO 
10 thickness: 1 500 to l^oA, available from Asahi Glass Co.. Ltd.) was dipped and ^ensifejected to dip-coadng at a lifting- 
up speed of 10 onVmin.. followed by drying, to form a hole-trar^port layer having a thickness of 400 A on the ITO film in 
the substrate, 50 % by weight of the TPD was present in the entire tole-transport layer. 

Then, onto this lx>le-tranq3ort layer, the Alq of the formula (4) was deposited by >^cuum deposition to form an 
electron transport layer having a thickness of 600A. The deposition conditior^ were: 
15 Vacuum pre^ure: 10"^ Ton*; 

TemperaUjre of the sutjstltute: Room temperature; and 
Depositfon rate: 2 to 4A/sec, 
Then, on ^is electrwi-transport layer, magnesium and silver were codeposited at a deposition rate ratio of 10:1 to 
form an Mg/Ag ^ectrode layer having a tiiickness of 2000A [Mg/Ag = 10/1 {moia- ratio)], to obtain organic el^:f olu- 
20 minescent device in which the hole-tiansport layer 2, the electron-transport layer 3 and the Mg/Ag elec^ode iayer (cath- 
ode) 4 were laminated in this order on the ITO film (anode) 10, as show^i in Fig. 1(a). The liHUinescent regicri was 
expr^sed by a square being 0.5 cm in side. 

In this device, the ITO film 10 and the Mg/Ag electrode layer 4 w^e used as an anode and a cathode, respectively, 
and a bias voltage B was ^3plled between both elec&odes at roann t^i^erature in air to allow the de^ce to emit light. 
25 Its luminance was measured by the atoresaid luminance meter to obtain the correlation totween the witage arKi the 
luminance bb shown in Fig, 5. 

At a drive witage of 13 V (current den^ty: 625 mA/an^), there v^s observed a green light emission having a 
luminance of 9600 cd/rr^, originated from the d^b^Cffi-transport layer 3. 

Aiso, this device was allowed to continuousty emit fight in a nitrogen atmo^here at a driving current density of 40 
30 mA/cm2 and an initial fumtnance of 900 cd/m2^ its haff dec^ time of the lumlnanra (i,e„ the period of time required to 
be 450 cd/nr»^ was 15 hours. 

E^oimpie 4 

35 An organic electroluminescent device having the layer strucbjre as shown in Fig. 1 (a) was obtained in the same 
m^ner ^ in Example 3 excq^t tfiat 140 mg of the TPD as a hole-^nsport materiaf and 70 mg erf the polyethersulfone 
as a resin birder were used to ixepare a coating solution for tiie tole-transport iayer. 66,7 % by w^ght of the TPD was 
present in the entire hole-transport layer. 

The luminance of this device w^s m^sured in the same marker as in Exanrple 3 to obtain the correlation b^een 

40 the TOltage and the iuninance as shown in Fig, a At a drive voltage of 13 V (ojrrent density: 720 mA/cm^), there was 
observed a green light emission having a luminance o* 1 1 170 cd/rr^, origirtated from the ^ectron-tmrt^rt layer 3. 

^so, this device was alkwed to continuously emi light in nitrc^en amK5S|:^ere at a curr^it density of 40 mA/cm^ 
arxj an Initial luminance of 900 (xi/nD^. Its h^f decay time of the luminance (i.e., the p^od of time required to be 450 
<xi/m2) was five hours, 

46 

Example 5 

An organic electrotuminescent device having ^e layer structure as ^own in Fig. 1(a) was <±ftained in the same 
manner as In Exanple 3 exc^t tfmt 70 mg of tie TPD as a htrfe-transport material and 1 40 nxi of tfre polyethersulfone 
so as a resin binder were us^. 33.3 % weight of the TPD was present in the entire hole-^anspcxl layer 

TTie luminance of this dewce was measured in the same nnanner as in Exanrple 3 to obtain the conretation between 
the voltage and the luminance as shown in Fig, 7. At a drive voltage of 14 V (cuirent density: 800 m/V/an^), there was 
(^served a green light emission having a luminance of 1 1700 cd/ni^, originated from the electron-transport layer 3, 
Also, this d^ice was allowed to continuoi^Jy emit light In nitrogen atmosphere at a dim\r^ current density of 40 
55 mA/cm^ and an initial lunrrtnance of ^0 cd/m^. Its half decay time of the luminance was 6.5 hours. 
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Example 6 

An org^ic efecfroluminescent device having the layer structure as shown In Fig. 1(a) was obtained in the same 
manner as in Exanrpte 3 except that 30 mg of dichloromethane not subjected to freeze-degassing was used to prepare 
a coating solution for the hole-transport material. 

The luminance of tiis device was measured in the same manner as In Exanple 3 to obtain ^e correlation between 
the vdtage and ^e luminance. At a drive voltage of 12 V (current density; 555 mA/cm^), there was observed a green 
light emisaon having a luminance of 9450 cd/m^, originated from itie dectrOT-tran^rt layer 3. 

Also, this device was allowed to continucxisly emft light in nitrogen atmosphere at a driving current density of 40 
mA/cm^ and an initial luminance of 900 cd/m^. Its half decay time of the luminance was determined to five hours. 

Compai^ve Example 3 

An organic electrduminescent device having the layer structure as ^own in Rg. 1(a} was obtained in ^e same 
manner as in Example 3 except that the hote-tran^atxt layo- v^s formed d^x^iting tiie TPD alone as a hole-transport 
material. Its thickness was 400A. The d^x^ition conditions were; 
Vacuum pr^sure: 10^« Torr; 

Tenperafejre of the substrate: Room tenpe^ture; and 
Depo^ion rate: 2 to 4A/sec- 

At a drive voltage of 1 4 V {currait density: 550 mAJcn^). #iere was observed a green light emission having a luminance 
of 12400 cd/m2, originated from the electron-transport layer 3. 

/Mso, this device was allowed to continuously emit light in nrtrc^en atmc^here at a driving cun-^t density of 40 
nrWcm^ and an initial liminance of 1000 cd/m^. Its half decay time of the luminance (i.e., the period of time required to 
be 500 cd/m2) was one hour. 

Study of the itfeiime of the devices 

In corr^rison between Example 3-5 w^ich differ from each oth^ in tiie prc^rtion of the TPD in the hole-tjan^sort 
l^er, it vras foufKi tfiat altiiough every Example had almost same values in drive voltage, cun-ent density and luminance, 
Exanple 3 having 50 % by weight of the TPD had the longest lifetime. 

In c<wiparison among Exanple 3 enploying ^edidilcromethane subjected to friree-time freeze-degassing. Exam- 
ple 6 ^ipto^ng the dichloromethane not subjected to f reeze<jegas^ng. and Comparative Exanple 3 in which the hole- 
trar^port layer was formed by depositing the TPD atone, it was found tiiat althCHjgh they have almost same ^^iu^ in 
drive \«!^ge, curreit density and luminance, tiie lifetime of E;^mp!e 3 or 6 was longer than that of Conparative Examfrfe 
3. 

Purifier in conparison between Examples 3 ard 6, it was found that the lifetime of Exanrple 3 vras longer than that 
of Exanpfe 6, 

Using Ej^nples 3. 6 arud Comparative Exanpie 3, each half decay time was determined in nitrogen atmo^here 
v^en alt^lng drive ciH'rent density. Then ft was ^nd that, as the driving current density was smaller, ^e half decay 
time w^ longer, resulting in a longer lifetime as ^own in Fig. 8. In this figure* syrrtKils **0". ^^"^ denote Exanple 

3, Exan^e 6 and Comparative Exanple 3, respectively. 

The correlation between the drive cun-ent density and the lurrnnance obtained from tfie result in Rg. 8 ^owed that 
the lifetime of Exanples 3 or 6 was longer than tiiat of Comparative Ewnple 3, and Exanple 3 was the fongest as 
illustrated by three solid lines. 

Example 7 

A <x)ating solution for the hole-tran^Dort layer wss prepared by dissolving, in 30 ml of dichloromethane, 

(a) 150 mg of the TPD 

(b) 150 mg of polyestelsulfone 
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(c) 0,1 mg of tetraphenyttxitadiene (h^einafter refeired to as "TPB") as a fluorescent dye, which has a fluorescent 
wavelength of 440 nm and is expressed by the formula: 




(d) 8.5 mg of coumarine 6 as a fluorescent dye. which has a fluor^cent wavelengfrj of 480 nm and is e)q3ressed 
by the forrrsjia: 



H 




C2H5 



(e) 12 mg of 4-dicyanonr>ethylene-2-meth^-6iD"dimethylaminoslyryMHiDyran (hereinafter referred to as "DCM") as 
a fluor^cerrt dye, vi^ich has a flucN'escent wavelengtii of 550 nm and Is e^e^ed by the formda: 




This coating sofution was ^:^ied on an ITO {indium-tin-a)dde) coated glass substrate (ITO thicloiess: 15CK) to 
I600A, as previously desaibed) by dip coating at a Kfting-up ^eed of 10 orVmin, flowed by drying, to obtain a hole- 
transport layer wdierein fluorescent dye was being dispersed. Its thic^ess was 500A. 
Jhm, on the above hole-transport Jayer, 
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(a) a Iriazole derivative of the formula: 



5 



10 




75 as a first elecfron-transport material excellent in hole blodong property, and 

(b) the Alq as a secorxi electron-t^ansport material w^e deposited in this order by vacuum deposition to form a first 
and s«3ond electron-tran^ri layers. 

The deposi^on corditions for these electron-fransport layers were: 
20 Vaoium pressure: 2 x 10"^ Torr; 

Ten^rafeite of ^e substrate: Room ternperature; ard 
Dqx>sition rate: 2 to 4A/sec. 
The thid^esses of tfie first and the second el^^tron-transport layers were 200A and SOOA, respectivdy. 

Then, on these electron-transport layers, magnesium mid silver were TOdqx^sited at a depo^tion rate ratio of 10:1 
25 to form an Mg/Ag elec^ode layer haAflng a thickness of 2000 A [Mg/^ = 10/1 (molar ratio)], to obtain an organic elec- 
troluminescent device in which the hole-trar^pcwi layer 2, the first electron-t^spcwl layer 31 . the second el^ron-ft^ans- 
port layer 32 and the Mg/^ electrode layer (cathode) 4 were laninatoi in this ord^ m the ITO film (anode) 10, as 
shewn in Fig. 1 0b)- The luminescent region was expressed by a squa^e being 0.5 cm in side. 

In this de\^ce, ^e ITO film 10 and the Mg/Ag electrode layer 4 were used as an anode arKi a cathode, re^ectively* 
30 and a bias voltage B v/bb applied betw^n both electrodes at room temperature in air to allow the device to emit light. 
Its luminance was measured by the aforesaid lunwnance meter to dbtain the rarr^ation between tfie voltage and tfie 
luminarK^e as illustrated in Fig. 9. At a drive voltage of 10 V (cuirent density: 10 mA/crnZ), there was ote^ed a white 
light ^is^on originated from the hole-^ansport layer 5, 

Ttie GlE coordinate measurements for the ^oosfB white light emissicffi showed that X=0.34; Y=0,33, and it was 
35 tx>nfirmed that it was pMjre white. Even when the d0\4ce was preserved at rocwn tenrperature for one-nronth, its appear- 
ance remained unchanged, and its luminance was virtually invariant. This show^ that ^Is device u^s excellent in dura- 
bility- 

Ciainfis 

40 

1. Psn organic electrolumin^c^ device having a hole-transport layer in which a hde-transfxsrt material is dispersed 
in a resin birnjer having a glass transition tenperaUire of rKJl less than 1 TC'C. 

2, An c^ganic electroluminescent device according to daim t , wherein the resin binder is at least one menrtier selected 
45 from the group consisting of a polyethelsutfone hawng a repeating unit of the fornrujla: 



so 




55 
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and a polysulfone having a r^eating unit of the formula: 




3. An organic electroluminescent device according to claim 1 , the resin binder is a polyeth^sulfone having a repeating 
unit of the formula (1) and the hole-^anspcxt material is an N,N'-diphenyJ-N,N*-bis{3-methyi^h^yl)-1,r-i;^phenyl" 
4.4'-diamine of the formula: 




(2) 



4. An Kxgmlc elec^oluminescent device according to claim 1 , wherein the hole-tran^rt layer is fCM-med by appt^nng 
and drying a abating solu^on in which a hde-transport material and a resin binder having a glass transition tenper* 
ature (Tg) of not l^s than 1 70*C are dissolved in a solvent from which dissolved gas is pre^'<xisly remwed. 

Amended claims 

1 , An organic electr<riuminescertt device having a hde-transport layer, which is formed by applying arxl drying a coating 
solution in which a hofe-transport material and a resin birxjer having a glass trandtit^ tenrperatite of not tess than 
170*^0 are dissolved In a solvent from which dissolved gas is previously removed. 

2. An organic electroluminescent device acceding to daim 1 . wherein the resin binder is at least one member selected 
from the group consisting of a pdyethelsuifone having a repeating unit of the forrrMila: 
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and a polysuilone having a Treating unit of the formula: 




An organic electroJuminescent device accofding to claim 1 , wtierein the hole-transport material is an N»N'-dipheny}- 
N^N'-bisCS-methylphenyO-l ,r-biphen>i-4,4 -diamine of the formula: 




An crganic electrofuminesc^ device according to claim 1, wherein tiie hole-transport material is present in an 
amount of 40 to 60 % by weight with respect to an entire hole-tr^sporl layer 

An organic electroluminescence device acccHrding to claim 1 , further includmg an electron-transport layer formed 
tyy depositir^ an elecfr<xi-transport material onto ihe hde-transport layer 

An organic electroluminescence d^ce according to dam 5, wherein the elecft-on-transport material cons^uting 
the electron-transport layer is a fris(8-quino!inolato)aluminum {110 convex of the formula: 




An organic etectroluminescerrt device comprising: 

a hole-transport layer having a layer sfructure tiiat a hole-transpcwl material is disperse in a resin binder 
having a glass transition temperature of not less than 170*'C: and 
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an elecfe-on-fe-ansport layer wtiich is formed by depositing an electron-transFXjrt material orito the hote-tranS" 
port layer. 

An organic electroiuminescent device according to claim 7, wrfierein 

the resin binder constituting the hole-transport layer is at least one merrier selected from the group consisting 
of a pofyettieisuifone having a repeating unit of the formula: 




and a polysulfone having a r^eating unit of the formula: 




(3) 

the hole-transport rmt^ial is an N,N'-diphOTyi-N,N'-bis{3-methylphenyl)-1 , 1 ''bi|:^enyf-4.4*-diamine of the for- 
mula: 




the electron-transport material constituting the electron-transport lay^ is a tr^s{8-quinol^nofafe>)a^uminu^n (Jfl) 



conplex of the formula: 
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9. An <xganic elecfe^oluminescent device according to claim 7, wherein ^e hde-tran^x)rt material is present in an 
anK>unt of 40 to 60 % by weight with respect to the entire hoie-tran^aort layer. 

10. An org^ic ^ectroluminescence device having a hole-^an^rt iayer in wdirch a hole-fe^ansport material and at (east 
one fluorescent dye are dispersed in a resin birKfer having a glass trar^ltion tenrperature of not less #ian 1 TO'C. 

11. An organic eiectroliMninescent dei^ce according to claim 10, ^^eln 

the resin binder constituting the hole-transport layer is at least one mender seized from the group consisting 
of a polyelhelsulfone having a repeating unit of the ^rmufa: 




and a polysulfione having a r^eafe'ng unit of the formula: 




(3) 

the hole-transport mata'iat is an N, N'-diphenyl-N, N'43is(3-methy1phen^)-1 , 1 '-bipheny!"4,4'<liamine of for- 
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mula: 




(2) 

12* An organic etectrolumin^cent device acoondir^ 1o claim 10* v^erein the hde-transport nnaterraJ is present 
amount of 40 to 60 % by weight witti respect to the entire hde-tr^sport layer. 

13p An organic elec^c^urrunescent de^ce according to claim 10, ^A^ereln 

(a) a tetr^henytbutadiene of the formula: 




(b) a coumarine 6 of tiie formula: 



H 




C2H5 
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(c) a 4<licyanomethylene*2'methyl-6-p'<Jimethyfaminostyryl-4H-^ran of the formula: 




are employed with respect to the fluorescent dye. 

14, An organic electroluminescent device according to claim 10, wherein a first electron-tran^xjrt layer composed of 
an electron-transport material excellent in hole-blocking prc^erty and a second efectron-transport layar composed 
of an elecfroi-t-ansport material are laninated m tiis order on the hole-transport layer. 

16* An organic electrolurrBlnescent device according to claim 14. wherein the electron-transport material for the first 
electron-fraisport layer is a triazole compound of the formula: 




arKJ ^e elecfron-transport material for the second electron-fransport layer is a tris(8'quinolindato)aluminum (HI) 
complex of the formula: 
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FIG. 1(a) 
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FIG, 2(b) 
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FIG. 3 
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FIG, 4 
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FIG. 5 
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FIG. 7 
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FIG. 8 
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FIG. 9 
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